A systematic review of the literature including statistical meta-analysis.
Although approximately 70% of the adult population experiences low back pain once or more during their life, no specific pathology is identified in up to 85% of the patients. 9 Approximately 1.5% of low back pain patients endure symptoms of sciatica, and only approximately 2% undergo surgery. 9, 10 Associations of herniated discs with signs and symptoms and even imaging results remain weak. 45, 33 It must be realized that herniated discs can be found by imaging diagnostic tests in 20% to 30% of symptom-free persons. 5, 44 Once systemic diseases are excluded as possible causes of low back pain, careful diagnostic neurologic evaluation remains important to avoid unnecessary surgical interventions. 11 The straight leg raising test (SLR), also known as the test of Lasègue, and the cross straight leg raising test (CSLR), are two tests based on stretching of the nerves in the spine. The SLR frequently is used in primary care for making decisions about diagnostic imaging or hospital referral. 19 A few recent reviews have discussed the value of history taking and physical examination for diagnosing herniated discs in patients with low back pain, but only two reviewed the available literature in a systematic manner. 3, 11, 18, 41 Both of the latter two reviews were criteriabased, but only one offered a quantitative summary of the findings. 41 No review tried to study the variability of the diagnostic accuracy of the (C)SLR. The most recent review concluded that the test of Lasègue had a high sensitivity and a low specificity, but that it varied greatly across studies. 41 The present review was conducted as an update for the (C)SLR up to 1997 and to carefully reassess methodologic quality by using a recently developed criteria list. 18, 22 It contains a more detailed analysis by summarizing the diagnostic accuracy quantitatively and exploring reasons for its variability in the diagnosis of herniated discs. 40 The methods of this diagnostic meta-analysis closely adhere to recently developed guidelines for conducting diagnostic reviews. 20, 21, 31, 34 Methods Literature Search. The literature search of an earlier review was extended from 1992 through 1997 using MEDLINE and EMBASE databases (key words and free-text words screening title, subtitle, abstract, and key words [radiculopathy, backache, low back, Lasègue, straight leg raising, and cross straight leg raising]) and also screened the references from identified publications. 18 The inclusion and exclusion criteria from the earlier review were used: studies using surgery as reference standard, studies presenting at least data on the sensitivity only or on both sensitivity and specificity of one or both tests were included and review articles and studies including fewer than 10 patients with disease were excluded. In addition, two pub-lications on Cauda Equina syndrome from the first set of publications were excluded, as this emergency syndrome, which needs urgent surgery, has its own pathology diagnosed by a specific history and specific symptoms. One researcher (W.D.) selected the studies.
Quality and Applicability of Studies. The checklist of the
Cochrane Methods Working Group on Meta-analysis of Diagnostic and Screening Tests was used to assess the quality of methods of selected studies. 22 Two items from the list of Mulrow 32 were added to the checklist: cutoff point of the reference test and purpose of the test (screening, case-finding or diagnosis). Two reviewers (W.D., A.D.) independently assessed all selected publications. Disagreements were solved in a consensus meeting. Agreement between both reviewers was quantified by Cohen's kappa (). 14 Detailed guidelines for the assessment of each item were made available to the reviewers (Table 1) . Internal validity criteria (IV) were scored as "positive" (adequate methods), "negative" (inadequate methods, potential bias), or unclear if insufficient information had been provided on a specific item. External validity criteria (EV) were assessed to evaluate generalizibility. These criteria scored positive if sufficient information was provided to judge generalizibility of findings. After the consensus meeting we decided to score unclear scores as negative. Subtotals were calculated for internal (maximum 6) and external validity (maximum 11) separately.
When information about blinding of measurements (IV2) was not given in surgical case series, blind assessment of the index test versus the reference test was assumed, but not vice versa. If the information could not be derived from the publication, verification bias (IV3) was classified as possible in cases of retrospective cohorts of surgical case series. If clinical information (IV4) remained unclear from the publication, this point was assessed as negative if the study was based on daily clinical practice.
Spectrum of disease (EV1) was defined as small if only upper (L1-L3) or lower disc hernias were included. Spectrum of nondisease (EV2) was defined as broad if the group of patients without disc hernia was constituted by more than one clinical diagnosis. Explicitation of the cutoff point (EV9): a typical positive passive SLR reproduces the sciatic pain between 30°a nd 60 -75°. 3, 11, 43 An atypical SLR was defined by three studies as pain produced in the back only. 12, 27, 28 In addition to the abovementioned criteria, information was collected on year of study, disease prevalence at the setting, sample size and size of the smallest group (with disease or without disease), previous surgery or bilateral sciatica, level of hernia, detailed information on the group without disease, and if the study population was collected prospectively or retrospectively. Where possible, information was collected on a numerical scale.
Meta-analysis. Data on sensitivity and specificity of SLR and
CSLR for detecting disc hernias were derived from the original numbers given in the publications to avoid rounding-off effects. If absolute numbers were not presented, sensitivity and specificity were used as presented. In one study, the required data were derived from a receiver operating characteristic (ROC) curve, plotting sensitivity against (1 Ϫ specificity) at different cutoff points. 1 Only studies presenting data on both parameters were selected for statistical pooling of results. Sensitivity and specificity were pooled after natural logarithmic transformation. 3 The average predictive values were calculated based on the pooled estimates of sensitivity and specificity at the mean prevalence of the pooled studies. 3 The diagnostic odds ratio (DOR) of each individual study-a measure for the discriminative power of the test-was calculated according to the following formula 31, 34 :
The DOR calculates the ratio of the odds of a positive test result in the patient with disease on the odds of a positive test result in the patient without disease. A DOR of 1 means that the odds of a positive test result in the study group with disease and the study group without disease is equal, and the test has no discriminative power. When the DOR is more than one, the odds of a positive test result is higher in the population with disease. Pooling of the DOR also was performed after natural logarithmic transformation [ln(DOR)].
The statistical heterogeneity of sensitivity and specificity across studies was tested by a chi-square test of independency with Ϫ 1°of freedom ( ϭ number of studies). 21, 29 Heterogeneity of the DOR was tested using the test mentioned by DerSimonian and Laird. 8 . In case of no statistically significant heterogeneity, pooling was carried out according to the fixed effect model.
Using meta-regression, the influence on diagnostic accuracy of different sources of variation was evaluated. The cutoff point of the index-test used in the different studies, all validity criteria and the validity scores, and numerical information about study characteristics and study population were used as independent variables in univariate meta-regression analysis. Multivariate meta-regression was not performed because of the limited number of studies. Both unweighted and weighted regression was conducted using the inverse of the variance of the DOR as a weighing factor. As the validity of this weighing is still doubtful in the meta-analysis of diagnostic studies, 13 only the results of the unweighted pooling are presented. A regression line was fitted as a Summary ROC curve (SROC) in a scatter plot of the different included studies with their sensitivity on the y-axis and (1 Ϫ specificity) on the x-axis. 31, 34 Estimates are presented with 95% confidence intervals (95% CI). Analyses were performed with SPSS 7.5 for Windows95 (Chicago, IL) and with Meta-test. 30 
Results

Literature Search
The systematic review published in 1995 retained 19 studies on radiculopathy from 540 retrieved publications. Twelve publications reporting diagnostic parameters about the (C)SLR were selected for this review. The additional search up to 1998 revealed 12 more studies, of which 3 were added to the first selection. Among the studies excluded, three presented only data on the reproducibility of the SLR, on predictive value, or combined in models. Five publications were reviews. 2,3,11,18,41 Table 2 presents the 15 selected studies 4,6,12,15-17, 23-28,37,38,42 and some characteristics of the study population. Median age of the study population was 40.9 years (range, 35-52 years), median male/female ratio was 1.5 (range, 1-6), and median duration before diagnosis was 21 weeks (range, 12-170). One study was limited to upper lumbar L1-L3 pathology, five to lower L4 -S1 pathology, and six studies included the whole lumbosacral region. Four studies evaluated both typical and atypical SLRs. Eight studies provided data about the CSLR. Table 3 presents the results of the quality assessment. All patients with disc hernias had surgery as a reference standard (IV1). Definitive hernia was defined as extruded, protruded and bulging disc or sequestrated in 11 studies, as extruded and protruded in 2 other studies, and as extruded only in 1 study (IV2). Information was insufficient to assess verification bias in the other 14 studies. Two studies had a blind assessment in both directions (IV3). In one study, the group without disease did not have surgery, but was selected on the basis of a normal myelography, and verification bias was obvious (IV4). 24 Six studies were prospective.
Quality and Applicability of Studies
Regarding the external validity, 11 studies included patients without a hernia in the study, but only 5 gave details about these controls (EV2). No study was done in a primary care setting (EV3). Five studies gave details about the procedure used and four mentioned the standard supine procedure with a hand on the iliac rim (n ϭ 1) or the knee (n ϭ 2; EV8). Six studies mentioned the cutoff point used: Ͻ70°(n ϭ 3), Ͻ80°(n ϭ 1), or Ͻ90°( n ϭ 2) (EV9). The added value of neck or foot dorsiflexion was mentioned four times, but not evaluated. Two studies mentioned tight hamstrings without details. One study gave details about patients excluded for the test evaluation (EV10). The other studies seemed to include all patients. Eight studies looked at the CSLR, four of which studied a smaller number of patients. The median score for internal validity was 3/6 (50%; range, 33-66%) and 5/11 for external validity (45%; range, 18 -72%). Only four studies had a score of 4 in 6 for internal validity. Median total validity was 47% (range, 29 -65%). Six studies of 15 scored 50% or more for the total validity.
Median overall agreement between both assessors was 76.5% (range, 32.9 -100%) with a of 0.56 (range, 0.33-1) for all criteria. Agreement was relatively poor for verification bias ( ϭ 0.33), inclusion/exclusion criteria ( ϭ 0.34), spectrum of "nondiseased" ( ϭ 0.35), and exclusion of test results ( ϭ 0.37). All disagreements were resolved during the consensus meeting. Disagreements were because of reading errors, differences in interpretation, and experience.
Meta-analysis and Meta-regression
The results of 11 studies reporting a complete diagnostic 2-ϫ-2 table were available for statistical pooling (Table  4 ). Six studies provided sufficient data to enable a metaanalysis of the CSLR.
Straight Leg Raising Test. Tests of heterogeneity were highly significant for both sensitivity and specificity. weighted random effect (REM) pooled sensitivity was 0.91 (95% CI 0.82-0.94), and pooled specificity was 0.26 (95% CI 0.16 -0.38).
The DOR across all studies was heterogenous (Q ϭ 20.65; 10 df; 0.025 Ͼ P Ͼ 0.01). The unweighted pooled DOR was 3.74 (95% CI 1. 23-11.4 ). By excluding the study of Kerr et al, 24 which was a clear outlier with a DOR of 39.2 (Figure 1) , the DOR across studies became homogeneous (Q ϭ 8.8; 9 df; P Ͼ 0.25). The pooled DOR after the exclusion of the outlier was 2.96 (95% CI 2.05-4.28). This outlier was the only study that used a nonsurgical group of patients as the cases without disease. It was excluded from further analysis of covariates and subgroups in the meta-regression analysis. Figure 1 shows the DOR on a logarithmic scale with 95% confidence intervals for the individual studies, as well as the pooled DOR including and excluding the outlier study. The mean predictive value of a positive result at the average prevalence of 0.86 in these studies was 0.89. The negative predictive value was 0.33.
The meta-regression revealed no association between the ln(DOR) and the cutoff point of a positive SLR used in the different studies, but showed a strong negative Table 1 ). correlation with year of publication. Small differences were found for studies excluding patients who previously had had surgery and when index-test and reference test were assessed independently from each other ( Table  5 ). The DOR of the SLR was lower in recently published studies, in studies with only primary hernias, and with blind assessment of both the index-test (SLR) and the reference (surgery). The verification bias in the excluded study, suspected during the methods assessment, was confirmed by meta-regression ( Figure 1 ; Table 5) 24 ; the DOR or discriminative power was higher compared with studies without apparent verification bias. Figure 2 shows the most important differences between subgroups. There was no association with any of the other covariates or study characteristics nor with the total number of validity items scored positive. The pooled DOR of the highest tertile of total validity was not statistically different from the lowest tertile. Studies in the highest tertile for external or internal validity showed a lower DOR compared with the lowest tertile, but differences were not statistically significant. Figure 3 shows the fitted curve from the metaregression in a summary ROC area. The area under the fitted curve (AUC) is 0.70 if the fitted curve is extrapolated to the axes (thin line on the figure).
Cross Straight Leg Raising Test. Tests of heterogeneity were significant for both sensitivity and specificity. The weighted random effect (REM) pooled sensitivity was 0.29 (95% CI 0.24 -0.34), and the pooled specificity was 0.88 (95% CI 0.86 -0.90).
The DOR across all studies was homogeneous (Q ϭ 8.5; 5 df; 0.25 Ͼ P Ͼ 0.10). The unweighted pooled DOR was 4.39 (95% CI 0.74 -25.9; Table 4 ). The DOR was not associated with the cutoff point, but was different between the study with the verification bias (DOR 12.8) and the other five studies (DOR 3.32, 95% CI 2.35-4.69; P ϭ 0.035).
The predictive value of a positive test was 0.92 at a prevalence of 0.82 in these six studies. The negative predictive value was 0.22.
Discussion
The diagnostic accuracy of the SLR in detecting disc hernia seems to be limited by its low specificity. Although the sensitivity is high, the diagnostic odds ratio remains low as the probability of a positive SLR in surgical patients without a disc hernia remains high. This is probably because of the casemix in these referred and selected patient populations. These patients, who have all received surgery, are at the severe end of the pathologic spectrum. This results also in a high prevalence and, consequently, in a high predictive value of a positive SLR.
It is preferable not to draw final conclusions about the diagnostic accuracy based on biased studies. Therefore, a thorough assessment of the validity of all selected studies was included. The criteria-list used by the authors of the previously published systematic review was not used because it was based on a scoring system with weighted items. 18 There is considerable debate about the use of arbitrarily chosen weights for different items in these lists, especially in observational studies. 7, 39 The criterialist used in the present study was developed by the Cochrane Diagnostic and Screening Tests Working Group and explicitly makes a clear distinction between internal validity and external validity items. 22 This criteria list includes verification bias as a separate item and evaluates the external validity of the study in more detail. Agreement between both assessors was moderate, but poor for four items. These are quite important items because three of them were shown to indicate potential sources of bias. Only 11 studies provided enough data to reconstruct the diagnostic table. If an important internal validity criteria, such as the presence of an accepted reference test, presence of independency of assessment, and absence of verification bias, should have been the minimum conditions for selection, no study would have entered the meta-analysis. All studies were prone to verification bias, as nearly all studies were retrospective studies based on data obtained in surgical patients. The assumption was made that patients who did not undergo surgery would have shown proportionally different positive and negative results for the SLR. 35 These patients could have been followed up for a definitive diagnosis at a later stage. 36 As already mentioned, the presence of verification bias makes a difference for the diagnostic accuracy of the SLR test.
All studies are surgical case-series taken from clinical practice in hospitals and are, as such, a mirror of that reality. The performance of the SLR test under ideal conditions in a prospective study based on a valid study protocol was not assessed. Moreover, the diagnostic accuracy of the test at other levels of medical care with a different patient-mix is not known. Although most basic demographic information is present in almost all studies, important information about duration of illness, comorbidity, and execution of the SLR is often lacking.
The two parameters for test accuracy, sensitivity and specificity, are highly heterogenous, but no clear outliers can be distinguished. One would hesitate to pool these studies based on these two parameters. Combining both into one, the diagnostic odds ratio revealed an outlier study. Given the obvious verification bias, this study could be excluded from the analysis, which resolved the problem of statistical heterogeneity of the ln(DOR).
The diagnostic odds ratio of the SLR was not dependent on the cutoff point used in the different studies. It decreased with a more valid design (blind assessment in both directions), a more homogenous casemix (by excluding patients who previously had had surgery), and year of publication. The outlier study with an obvious verification bias increases the DOR. All criteria outcomes referring to a more valid design demonstrate a lower DOR.
In half of the studies, the CSLR was evaluated in a selected group of patients without obvious selection criteria. The increased specificity results in a slightly higher positive predictive value, although the prevalence in this group of studies was slightly lower compared with the pooled SLR studies. If the CSLR would be used at this level of care as a confirmatory test in case of a positive SLR, the predictive value of a positive test would increase up to 0.94.
From the studies available for the statistical pooling, only four score positive in more than 50% on the total validity score. There is no strong association, however, between the total validity score and the diagnostic accuracy of the SLR.
The findings are limited by the poor quality of the primary studies and the poor reporting in the publications. Diagnostic studies should be planned on the basis of a research proposal, taking into account the basic criteria for valid diagnostic research. As it is, information about the patient-mix was incomplete, information about the diagnostic path was not clear, and probably not all patients who have been tested were referred for surgery and thus were not included in most of these studies. Although the studies may be reflecting everyday clinical practice, they do not enable a valid evaluation of the diagnostic accuracy of the SLR.
The previous systematic reviews were not limited to the (C)SLR test, but also describe history and physical examination of patients with low back pain. 18, 41 The authors concluded that physical examination, including the SLR, was only moderately accurate in diagnosing low back pain. The present analysis was confined to the SLR because the evidence on other assessments of neurologic compression by testing motor, reflex, and sensory functions is too limited to enable a quantitative analysis. The publications provided insufficient data to enable an evaluation of the added value of either foot-dorsiflexion or neck flexion.
One of the previous reviews suggested that the variance of the SLR could be explained partly by the variance of the cutoff point, whereas the present study found no association between the DOR and the cutoff point. 41 Sensitivity and specificity of the SLR were similar to the present study, although based on only five surgical studies. Another review on herniated lumbar discs also mentioned the problem of highly selected populations and its effect on the diagnostic accuracy and predictive values of the different tests. 3 Because of the nature the different tests providing traction on the nerve roots, the authors expected these tests to be sensitive but unspecific as to the cause of nerve irritation. The limited accuracy of the tests, SLR included, indicates the need for other confirmatory tests.
Two other nonsystematic reviews gave some figures for the accuracy of the SLR test based on a limited number of publications 2,11 : a moderate sensitivity of 0.80 and a specificity of 0.40, respectively, which is slightly different from the estimations of the present study. One of these reviews assumed the SLR to be most appropriate for testing the lower lumbar nerve roots. 11 In the present review, only few studies provided information about the ratio between lower and upper lumbar hernias, which limited the possibilities to address this question.
In summary, the results of this review demonstrate the limitations of the published studies in this field. Flaws in the design of these studies include independency of interpretation, verification bias and retrospective design. The highly selected populations at a high level of the medical care system limits the generalizibility of findings to primary care. Lack of information about the patients included in the study and the diagnostic process also limits the external validity of the results. Diagnostic research should evaluate the validity of the complete diagnostic process and study the evidence of the added value of the different tests used. Diagnostic research should be performed at all levels of clinical care to give an insight into the accuracy of a diagnostic test in different casemixes. The absence of primary care studies and evidence about the reproducibility of the tests confirms the urgent need for such studies.
Key Points
• The straight leg raising test is only evaluated in surgical case-series at the nonprimary care level.
• The more valid studies show a limited diagnostic accuracy of the SLR. • Diagnostic research should evaluate the added value of different tests in a diagnostic process.
